Abstract: Silicon oil emulsion was prepared by mixing silicon oil with emulsifiers and water. To optimize the emulsifiers formulation, the D-optimal mixture design (DMD) in Design-Expert software was used to design the emulsifiers formulation. E-1304, AEO-3, SG-6and OP-10 were used as emulsifiers. According to the mixture design matrix given by Design Expert 8.0.5, 20 samples of silicon oil emulsion were prepared, and their stabilities were investigated. Through the establishment of the regression model, the analysis of the interaction among the variables and operating the optimization functions of the mixture design software, an optimized emulsifier formulation was given, and with which a silicon oil emulsion with high solid content (56%) and good stability was prepared.
Introduction
Silicone oil is a non-toxic polymer with unique properties such as high lubricity, excellent ability in spreading, hydrophobicity and low surface tension, thus it is widely used in personal care, leather care, fermentation industry, etc. For silicone oil is insoluble in either hydrophilic or hydrophobic solvents, a common mode of dispersing it is in the form of emulsions [1] [2] [3] . But its hydrophobicity makes it spread in water very difficultly, which limits its usage in some fields. Under the impetus of the silicone oil emulsion being used more and more widely, researchers have been paying more and more attentions to study the formulations of silicone oil emulsifiers. A large number of attempts have been made to find a good emulsifier formulation [4] [5] [6] , which need much time and consume many materials. To overcome these defects, the D-optimal Mixture Design (DMD) in Design-Expert software was used to optimize the emulsifiers formulation.
DMD is an effective technique of responding surface methodology (RSM) for optimizing mixing process [7] which is different from other experiment designs, such as orthogonal design, uniform design. Its characteristic is that the total amount of components in the mixture is kept as a constant when the proportions of each component varies. Also, the number of trials needed to evaluate multiple components and their interactions are less. This method is now widely used for the formulation in metallurgical, chemical, pharmaceutical and food industries, and gives good results [8] . The mixture design can estimate the relationship between formulation and performance through regression analysis in fewer experiments. Zhang et al. studied the formulation of plant protein beverage using the mixture design, and obtained the optimized combination of walnut milk, peanut milk, and soy milk [9] . Tong and Gong optimized the blending of tea using the mixture design to obtain the lowest cost [10] . In this article, the mixture design method was used in the optimization of silicone oil emulsion with the stability as responses to explore a new optimized method of emulsifiers formulation. Through the establishment of the regression model, the analysis of the interaction among the variables and combining the optimization functions of the mixture design software, we got an optimized emulsifiers formulation and prepared silicon oil emulsion with high solid content and good stability.
Experimental

Chemical Reagents and Instruments
Dimethyl silicone oil (with a viscosity of 350cs); Non-ionic surfactants E-1304, AEO-3, SG-6and OP-10, they are all technical-grade materials; IKA agitator, TDL-50B centrifuge.
Preparation of Silicone Oil Emulsion
To a 250 ml three-necked round-bottom flask equipped with a stirrer, 15 g silicon oil, 1.8 g emulsifier-mixture were added and mixed by magnetic stirring in 240r/min at room temperature for 10min. 8.5g water was added slowly to the oil phase to form a W/O emulsion with agitation in 800r/min for 10 min, then 4.7g water was added into the emulsion to make a quick phase transition to a O/W emulsion, which was still subjected to stirring until a stable silicone oil emulsion was obtained.
Testing the Stability of Emulsion
The emulsion sample was added to the centrifuge tube which was then rotated in a centrifuge at the speed of 3000 r/min for 30 min. The stability of the silicon sample was valued according to its phase separation and ratio of oil floating on the emulsion surface after centrifugation. The stability standard of the emulsion was listed in Table 1 . Results and Discussion
Regression Equation
The designed formulations shown in Table 2 were given by Design-Expert 8.0.5 software, in which there are 20 experiment entries of emulsifier formulations for testing the stabilities of silicon oil emulsions. The columns A, B, C and D give dosages of components E-1304, AEO-3, SG-6and OP-10 of each formulation of silicon oil emulsion, respectively. In every experiment entry or emulsifier formulation, total dosages equal to 1. Those components were mixed to a emulsifiers mixture according to Table 2 , then were mixed with silicon oil in the presence of water in the ratio of W(emulsifiers mixture) : W(silicon oil) : W(water)= 6 : 50 : 44 to form silicon oil emulsion. Their stabilities were tested and recorded as actual value. Using Design-Expert 8.0.5 software, the experiment values of the stabilities in Table  2 were regressed and fitted into linear model，quadratic model and special model, respectively. Their standard variances(S), multi-correlation coefficiences(R 2 ), adjusted correlation coefficiences (adjusted R 2 ) and predicted correlation coefficiences (predicted R 2 ) were listed in Table 2 , which inosculated with its actual value well. The analysis of variance (ANOVA) for Special Cubic mixture Model are summarized in Table  4 . The Model F-value 158.47 implies the model is significant. There is only 0.01% chance that a "Model F-Value"this large could occur due to noise. Values of "Prob > F" less than 0.0500 indicate the effect of the model condition on the response value is significant. In this case, Linear Mixture Components, AB, AC, BC, BD, ABC, ABD are significant model terms. Values greater than 0.1000 indicate the model terms are not significant. That means the interaction effect between E-1304 and AEO-3, E-1304 and SG-6, AEO-3 and SG-6, AEO-3 and OP-10, E-1304, AEO-3 and SG-6as well as E-1304, AEO-3 and OP-10 were significant for stability. The "Lack of Fit F-value" 0.01 implied the "Lack of Fit" was not significant compared to the pure error. There was a 92.06% chance that a "Lack of Fit F-value" this large could occur due to noise. Non-significant lack of fit was good to which we want the model to fit. The rationality of the model can be checked by the determination coefficient R 2 . The regression models were highly significant ( p < 0.05) for stability with satisfactory coefficient of determination (R 2 = 0.9971) .
The Effect of Emulsifier Dosage on the Stability of the Silicone Oil Emulsion
To obtain more detailed interrelations and interactions, contour plots were shown in Fig. 1 and Fig. 2 . E-1304, AEO-3, SG-6and OP-10 were used as emulsifiers among which the dosage of one component was fixed and othe three were variable to investigate the effect of the their interaction on the stability of the silicon oil emulsion. Fig. 1 Response surface plot and its contour plot of the stablity of silicone oil emulsion versus emulsifier E-1304, AEO-3 and SG-6content 6 Chemical, Material and Metallurgical Engineering III Fig.1 showed the effect of the interaction of E-1304, AEO-3 and SG-6 on the stability of silicone oil emulsion when OP-10 was fixed as a constant (0.2); Fig.2 showed the effect of the interaction of E-1304 AEO-3 and OP-10 on the stability of silicone oil emulsion when SG-6 was fixed as a constant (0.1); Silicone oil emulsion would exhibit good stability in the red area in Fig.1 and Fig.2 , and the ratios of E-1304, AEO-3, SG-6 and OP-10 were 0.1~0.3, 0.4~0.5, 0.1~0.25, and 0.1~0.3, respectively. If the ratios of various emulsifiers fall in the red areas in Fig.1 and Fig.2 , the silicone oil emulsion prepared will give good stability. Further, if the ratios of various emulsifiers fall in the red areas between contour lines 10, silicone oil emulsion prepared will give better stability. Fig. 2 Response surface plot and its contour plot of the stability of silicone oil emulsion versus emulsifier E-1304, AEO-3 and OP-10content
Optimization of the Emulsifiers Formulation
The results above were obtained by changing three component dosages and fixing one component dosage, and the ratios range of E-1304, AEO-3, SG-6 and OP-10 were fixed. To meet the expectation of stability, the function of optimization in the software was used and the desired response values were set in Table 5 . The software ran in a steepest climb prediction from a random combination until target stability values obtained.Three optimal emulsifiers formulations close to the target stability value were given in Table 6 . The data indicated that the component ratios of three emulsifier formulations were similar， the predicted stability values were 10. So they could be used as the optimal formulations of emulsifiers for silicon oil emulsion. The three silicone oil emulsions were prepared and their stabilities were measured and listed in Table 6 . The actual stabilities all were 10 and consistent with the predicted values. So that the optimal formulations of emulsifiers for silicon oil emulsion is 25%E-1304, 45% AEO-3, 10% SG-6and 20% OP-10. Table 5 The desirable rangs for each variable and stability Name Target 
Summary
The D-optimal mixture design in Design-Expert software was used successfully to optimize the emulsifiers formulation for preparing silicon oil emulsion. When E-1304, AEO-3, SG-6 and OP-10 were used as emulsifier mixture to prepare a silicon oil emulsion，and W(emulsifiers mixture) : W(silicon oil) : W(water)= 6 : 50 : 44 , the special cubic model is the optimal regression model, and the final mathematical model of stability obtained as : Y Stability =7.33A-20.99B+2.66C+5.85D+49.69AB+23.68AC+14.35AD+69.18BC+59.87BD+9.30CD
-81.44ABC-55.20ABD-45.91ACD-1.55BCD. By analyzing the interaction among the variables and operating the optimization functions of the mixture design software, Design Expert 8.0.5, an optimal emulsifier formulation was given as 25%E-1304, 45% AEO-3, 10% SG-6 and 20% OP-10. According to this emulsifiers formulation, a silicon oil emulsion with 56% solid content and acceptable stability was prepared.
